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Abstract
We study the productions of charmed baryons Λ¯−cΛ
+
c , Λ¯
−
c Σ
+
c , and Σ¯
−Σ+c in the antiproton-proton collisions
within an effective Lagrangian model that has only the baryon-meson degrees of freedom and involves
the physical hadron masses. The baryon production proceeds via the t-channel exchanges of D0 and D∗0
mesons in the initial collision of the antiproton with the target proton. The distortion effects in the initial
and final states are accounted for by using an eikonal approximation-based procedure. We find that the
reaction amplitudes of all the production channels are dominated by the D∗0 meson-exchange diagrams. We
discuss the relative roles of tensor and vector components of the D∗0 coupling in the D∗0 meson-exchange
component of the total production cross sections. The magnitudes of the cross sections are predicted for
each final state for the range of beam momenta of relevance to the P¯ANDA experiment.
PACS numbers: 13.75.Cs, 14.20.Lq, 11.10.Ef
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I. INTRODUCTION
The current experimental information about the production of the ground state charmed baryons
has been derived mostly from the electron-positron annihilation experiments (see, e.g. Refs. [1–
3]). In the near future, charmed-baryon production will be studied in the antiproton-proton (p¯p)
annihilation using the ”antiproton annihilation at Darmstadt” (P¯ANDA) experiment at the Facility
for Antiproton and Ion Research (FAIR) in GSI, Darmstadt (see, e.g., Ref. [4]). The advantage
of using antiprotons in the study of charmed baryons is that in p¯p collisions the production of
extra particles is not needed for the charm conservation, which reduces the threshold energy as
compared to, say, pp collisions. The beam momenta of antiprotons in this experiment will be well
above the thresholds of the productions of Λ¯−cΛ
+
c and Σ¯
−Σ+c charmed baryons in the p¯p collisions.
For the planning of this experiment, reliable theoretical estimates of the cross sections of these
reactions would be of crucial importance. The production rates of these reactions are also the
key requirement in the implementation of other programs [5] of the P¯ANDA experiment, e.g.,
spectroscopy of charmed hadrons (see, e.g., Ref. [4]), production of charm hypernuclei [6, 7], D
mesonic nuclei [8–11], and medium effects on the charmed-hadron properties [12–17].
The investigations of the production of heavy flavor hadrons provide an additional handle for
the understanding of quantum chromodynamics, the fundamental theory of the strong interaction.
The presence of the heavy charm quark along with the light quark(s) leads to two energy scales
in such systems. This allows the construction of an effective theory where one can actually calcu-
late a big portion of the relevant physics using the perturbation theory and renormalization-group
techniques [18–20].
Calculations of the cross sections of the Λ¯−cΛ
+
c production in the p¯p collisions have been re-
ported in several publications using a variety of models [21–28]. They employ varying degrees of
freedom ranging from quarks [21–24, 27] to meson baryon [25, 26, 28] in the description of this
reaction. However, the magnitudes of the predicted cross sections are strongly model dependent.
On the other hand, calculations for other charmed-baryon channels have been reported only by a
few authors. In Ref. [27], total cross sections have been given for Σ¯−cΛ
+
c and Σ¯
−
c Σ
+
c channels, which
are obtained by integrating the differential cross sections dσ/dt (t is the momentum transfer) over
a limited range of t. In ref. [23], dσ/dt are provided for these final states, but the integrated cross
sections are not given.
In Ref. [29], cross sections have been presented for the charm-production channels p¯p →
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Λ¯−cΣ
+
c , Σ¯
−
c Σ
+
c , Σ¯
0
cΣ
0
c , Σ¯
−−
c Σ
++
c , Ξ¯
−
cΞ
+
c and Ξ¯
0
cΞ
0
c within the Ju¨lich meson-exchange model that was
employed earlier [30, 31] to investigate the p¯p → Λ¯Λ reaction. In this model, a coupled-channels
framework is used that allows to take into account the initial- and final-state interactions in a
rigorous way. The reaction proceeds via exchanges of appropriate mesons between p¯ and p leading
to the final antibaryon-baryon states. For calculating the cross sections for the Σ¯0cΣ
0
c , Σ¯
−−
c Σ
++
c ,
Ξ¯−cΞ
+
c and Ξ¯
0
cΞ
0
c final states, two-step mechanisms have been invoked in Ref. [29]. However, in
this reference, cross sections are reported only for beam momenta very close to the respective
threshold of each final state.
In Ref. [28], the p¯p → Λ¯−cΛ+c reaction has been studied within a single-channel effective La-
grangian model (see, e.g., Refs. [32, 33]), where this reaction is described as a sum of the t-channel
D0 and D∗0 meson-exchange diagrams. The s- and u-channel resonance excitation terms are sup-
pressed, as no resonance is known with energy in excess of 3.0 GeV having branching ratios for
decays to the charmed-baryon channels. Furthermore, the direct p¯p annihilation into charmed-
baryon final states via the contact diagrams is also suppressed due to the Okubo-Zweig-Iizuka
condition.
The aim of this paper is to extend the model of Ref. [28] to calculate the cross sections of the
p¯p → Λ¯−c Σ+c and p¯p → Σ¯−cΣ+c reactions. We provide predictions for the cross sections for beam
momenta (p¯lab) ranging from threshold to 18 GeV/c in each case. Therefore, the range of p¯lab of
interest to the P¯ANDA experiment is well covered. As in Ref. [28], these reactions are described
as a sum of t-channel D0 and D∗0 meson-exchange diagrams. The s- and u-channel resonance
excitation diagrams are suppressed due to the same reason as stated in the previous paragraph.
Of course, like the Λ¯−cΛ
+
c channel, experimental data also do not exist at present for the other
charmed-baryon channels.
The amplitudes calculated in the effective Lagrangian model include basically only the Born
terms. However, from the studies of the p¯p → Λ¯−cΛ+c reaction, it is known that there is a strong
sensitivity of the cross sections to the distortion effects in the initial and final states [30, 31, 34–42].
We account for such effects approximately by using an eikonal approximation-based procedure.
In the next section, we present our formalism. The results and discussions of our work are
given in Sec. III. Finally, the summary and conclusions of this study are presented in Sec. IV.
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FIG. 1. Graphical representation of the model used to describe the p¯ + p → Y¯c + Yc reaction, where Yc
represents a charmedr baryon. D and D∗, in the intermediate line, represent the exchanges of D pseudoscalar
and D∗ vector mesons, respectively. In cases of Λ¯−cΛ
+
c , Λ¯
−
c Σ
+
c , and Σ¯
−
c Σ
+
c final states D and D
∗ correspond
to D0 and D∗0 mesons, respectively.
II. FORMALISM
To evaluate various amplitudes for the processes shown in Fig. 1, we have used the effective
Lagrangians at the charmed-baryon-meson-nucleon vertices, which are taken from Refs. [43–45].
For the pseudoscalar D meson exchange vertices, we have
LBDN = igBDNψ¯Biγ5ψNφD + H.c., (1)
where ψB and ψN are the charmed-baryon and nucleon (antinucleon) fields, respectively. In Eq. (1),
φD is the D meson field and gBDN represents the vertex coupling constant.
For the vector meson D∗ exchange vertices, the effective Lagrangian is
LBD∗N = gBD∗Nψ¯BγµψNθµD∗ +
fBD∗N
4M
ψ¯BσµνψN F
µν
D∗ + H.c., (2)
where θ
µ
D∗
is the vector meson field, with field strength tensor F
µν
D∗ = ∂
µθν
D∗ − ∂νθµD∗ . In Eq. (2), σµν
is the usual tensor operator. The vector and tensor couplings are defined by g and f , respectively.
Their values at various vertices were adopted from Refs. [43, 44] as shown in Table I. The same
couplings were used for the vertices involving both the proton and the antiproton. It was shown in
Ref. [28] that the exchange of D∗0 dominates the Λ+c Λ¯
−
c production reaction in the p¯ − p collisions
even for beam momenta closer to the production threshold.
The coupling constants adopted by us at various vertices involved in the t-channel diagrams,
were determined in Refs. [44, 46, 47], by using the SU(4) symmetry arguments in the description
of the exclusive charmed-hadron production in the D¯N and DN scattering within a one-boson-
exchange picture. While, we acknowledge that the SU(4) symmetry will not hold rigorously, the
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TABLE I. Coupling constants at the BD0N and BD∗0N vertices. These are taken from Refs. [43, 44].
Vertex Exchanged meson mass Exchanged meson width gDBN/
√
4pi fDBN/
√
4pi
(MeV) (MeV)
ND0Λ+c 1864.84 − 3.943 ...
ND∗0Λ+c 2006.96 2.1 1.590 5.183
ND0Σ+c 1864.84 − 0.759 ...
ND∗0Σ+c 2006.96 2.1 0.918 -2.222
deviations from the SU(4) coupling constants in the charm sector have been reported to be highly
model dependent [48]. Recent calculations within light-cone sum rules suggest that deviations
from the SU(4) values of the relevant coupling constants are not more than factors of 2 [27].
On the other hand, in the constituent quark model calculations using the 3P0 quark-pair creation
mechanism, the deviations are at the most of the order of 30% [49].
The off-shell behavior of the vertices is regulated by introducing form factors. Without them
calculations with Born terms strongly overestimate the cross section at higher energies. Therefore,
such contributions will have to be quenched with form factors. Another motivation for introducing
form factors is that at higher energies one may expect sensitivity to the underlying quark structure
of the hadrons. Because this physics is not included explicitly in our model, we can only account
for it by introducing the phenomenological form factors at the vertices. In our approach, the form
factors are not known a priori and thus they introduce a certain arbitrariness in the calculations. In
the current paper we limit ourselves to dipole form factors (see, e.g., Refs. [32, 33]) at the vertices
involving the pseudoscalar D meson exchange because of their simplicity:
Fi(qi) =
λ2
i
− m2
Di
λ2
i
− q2
Di
, (3)
where qDi is the momentum of the ith exchanged meson with mass mDi . λi is the corresponding
cutoff parameter, which governs the range of suppression of the contributions of high momenta
carried out via the form factor. We chose a value of 3.0 GeV for λi at both the vertices. The same λi
was also used in the monopole form factor employed in the studies presented in Refs. [25, 26, 43].
However, at the vertices involving the exchange of the vector meson D∗, we have used a differ-
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ent functional form of the form factor
Fi(qi) =
[
λ4i
λ4
i
+ (q2
i
− m2
i
)2
]
, (4)
The argumentation for this different choice is presented in the discussion of the Σ-photoproduction
results in Ref. [50]. Often, different functional forms and cutoff values are introduced for t-channel
form factors [51–53]. Although this can easily be motivated, it introduces additional model de-
pendence and increases the number of free parameters. To limit the overall number of parameters
we have taken the form factor given by Eq. 3 with a cutoff parameter λi, of 3.0 GeV for all the
graphs involving the D meson exchange, and that given by Eq. 4, with a λi of 2.7 GeV for all the
terms involving the D∗ meson exchange. Because the experimental data are not yet available for
the reactions under investigation in this paper, it is not possible to put a more definite constraint
on these quantities. Therefore, we restrict ourselves to these choices of the form factors and the λi
values.
For calculating the amplitudes, we require the propagators for the exchanged mesons. For the
D and D∗ mesons, the propagators are given by
GD(q) =
i
q2 − m2
D
, (5)
G
µν
D∗(q) = −i
(
gµν − qµqν/q2
q2 − (mD∗ − iΓD∗/2)2
)
. (6)
In Eq. (6), ΓD∗ is the total width of the D
∗ meson, which is given in table I taken from the latest
Particle Data Group estimates [54].
After having established the effective Lagrangians, coupling constants, and forms of the prop-
agators, the amplitudes of various diagrams can be written by following the well-known Feynman
rules. The signs of these amplitudes are fixed by those of the effective Lagrangians, the cou-
pling constants, and the propagators as described above. These signs are not allowed to change
anywhere in the calculations.
Next, we describe how the initial- and final-state interactions are taken into account in our
calculations. We note that, for the p¯p initial state, the annihilation channel is almost as strong as
the elastic scattering channel. This large depletion of the flux can be accounted for by introducing
absorptive potentials that are used in optical models or in coupled-channels approaches [25, 30,
31, 38, 42]. In this work, we do not employ such a detailed treatment. Instead, we use a procedure
that was originated by Sopkovich [55]. In this method, the transition amplitude with distortion
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effects is written as
T p¯p→Y¯cYc =
√
Ωp¯pT
p¯p→Y¯cYc
Born
√
ΩY¯cYc (7)
where T
p¯p→Y¯cYc
Born
is the transition matrix calculated within the Born approximation, and Ωp¯p and
the ΩY¯cYc are the matrices describing the initial- and final-state elastic scatterings, respectively.
Their effects are to dampen the wave functions and hence the amplitudes. For the case of the
p¯p → Λ¯−cΛ+c reaction, it was shown in Ref. [25], that because of the strong absorption in the
initial channel, the results turned out to be rather insensitive to the final-state Λ¯−cΛ
+
c interactions.
In fact, even if the final-state interactions (FSIs) were ignored totally, the total cross sections did
not change by more than 10%–15%. We assume this to be true also for the other charmed-baryon
final states as well. Therefore, in order to keep the number of free parameters small, we decided
to fully neglect FSIs and concentrate only on the initial-state interaction in our calculations of the
cross sections of all the charmed-baryon-antibaryon final channels.
For the present purpose, we neglect the real part of the proton-antiproton interaction and de-
scribe the strong absorption by an imaginary potential of Gaussian shape with range parameter µ
and strength V0
U(b, z) = V0 exp(−µ2r2), (8)
where µ is the range parameter and V0 the strength of the potential. In Eq. 8, r
2 = b2 + z2, with b
being the impact parameter of the collision. By using the eikonal approximation, the correspond-
ing attenuation integral can be evaluated in a closed form. Similar to Refs. [40, 55], we obtain for
Ωp¯p
Ωp¯p = exp
[−√piEV0
µk
exp(−µ2b2)], (9)
where E and k are the center of mass energy and momentum of the particular channel, respectively.
In our numerical calculations, we have used V0 = 0.8965 GeV and µ = 0.3369 GeV. For the impact
parameter, we have taken a value 0.327 GeV−1. These parameters are the same as those used in
Refs. [28, 53]. As shown in Ref. [28], with these parameters, it was possible to get cross sections
for the Λ¯−cΛ
+
c production in close agreement with those calculated within the coupled-channels
approach of Ref. [25], where distortion effects are rigorously treated.
Although the parameters V0 and µ may change with energy, we have made them global; that
is, they remain the same at all the energies corresponding to all the final channels. Thus, we have
only three fixed parameters in our calculations of the initial-state distortion effects.
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FIG. 2. (color online) Total cross section for p¯p → Λ¯−cΛ+c (a) and p¯p → Λ¯−c Σ+c (b) reactions as a function
of the beam momentum. It is to be noted that cross sections for the reaction p¯p → Σ¯−cΛ+c are the same as
those shown in Fig. 2(b). In these figures, the contributions of D0 and D∗0 exchange processes are shown
by dotted and dashed lines, respectively. The solid line represents their coherent sum.
III. RESULTS AND DISCUSSIONS
In Fig. 2, we investigate the role of various meson-exchange processes in the total cross sections
(σtot) of the reactions p¯p → Λ¯−cΛ+c [Fig. 2(a)], and p¯p → Λ¯−cΣ+c [Fig. 2(b)] as a function of p¯
beam momenta. Although the predictions for the cross sections of the p¯p → Λ¯−cΛ+c reaction were
presented already in Ref. [28], we give it here again for the purpose of comparison with the σtot
of other charmed-baryon channels. Also, because in this paper we have used a different form
factor at the vertices involving D∗0 meson exchange, it would be of interest to have results also
for this charmed-baryon final state. In Figs. 2(a) and 2(b), total cross sections σtot are shown for
p¯lab varying in the range of threshold to 18 GeV/c that covers the beam momenta of interest to the
P¯ANDA experiment. We note that, for both the reactions, the cross sections increase gradually
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as p¯lab goes above the thresholds of the respective reactions. The threshold beam momenta for
p¯p → Λ¯−cΛ+c and p¯p → Λ¯−cΣ+c reactions are 10.162 and 10.99 GeV/c, respectively. For p¯lab around
15 GeV/c, which is the beam momentum region of interest to the P¯ANDA experiment, σtot for
the p¯p → Λ¯−cΛ+c reaction is about one order of magnitude larger than that for the p¯p → Λ¯−cΣ+c
reaction. The likely reasons for this difference are the smaller coupling constants at the ND∗Σ+c
vertices and the negative interference between the D∗0 and D0 exchange terms in case of the Λ¯−cΣ
+
c
final state.
In Figs. 2(a) and 2(b), we note that the D∗0 exchange process dominates the cross sections for
both the final states. The D0 exchange contributions are nearly 2 orders of magnitude smaller than
those of the D∗0 exchange in case of the Λ¯−cΛ
+
c final state and nearly an order of magnitude for the
Λ¯−cΣ
+
c final state in the region of higher beam momenta. Interestingly, we notice in Fig 2(b) that,
even though for p¯lab beyond 14 GeV/c the individual contributions of the D
0 exchange terms are at
least 1 order of magnitude smaller, they still influence the total cross sections significantly through
the interference terms that are destructive in this case.
The domination of the D∗0 meson-exchange terms is related to the presence of the strong tensor
part in the ND0∗Y+c couplings. We note from Table I that the ratio of tensor to vector coupling
constants of these vertices is in the vicinity of three. Also there is additional momentum depen-
dence induced by the derivative coupling in the tensor interaction part of the effective Lagrangian.
In Figs. 3(a) and (3b), we show the individual contributions of tensor and vector terms to the D∗0
meson-exchange component of the total cross section (σD
∗0
tot ) for the reactions p¯p → Λ¯−cΛ+c , and
p¯p → Λ¯−cΣ+c , respectively. It is clear that the tensor coupling terms make the dominant contribu-
tions to σD
∗0
tot for both the reactions. Although the vector coupling terms are relatively quite small
in themselves, they can influence the cross sections σD
∗0
tot significantly through the interference
terms. For the p¯p → Λ¯−cΛ+c reaction the interference of tensor and vector terms is constructive that
enhances σD
∗0
tot particularly at higher beam momenta. However for the p¯p → Λ¯−c Σ+c reaction, this
interference is destructive that reduces σD
∗0
tot rather sharply in this region.
It would be of interest to compare our cross sections for these two channels to those published
previously. In Ref. [29], the cross section σtot are given for the Λ¯
−
cΛ
+
c channel for p¯lab in the
range of threshold to 11.5 GeV/c. In this range of beam momenta our σtot for this reaction are
approximately in agreement with those calculated within the meson-exchange model (MEM) in
Ref. [29]. On the other hand, for the Λ¯−c Σ
+
c channel our cross sections are smaller than the MEM
cross sections of Ref. [29] by factors of about 10. In Ref. [27], σtot for the Λ¯
−
cΛ
+
c and Λ¯
−
cΣ
+
c
9
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FIG. 3. (color online) Contributions of the vector and tensor coupling terms to the D∗0 meson-exchange
component of the total cross section (σD
∗0
tot ) for reactions p¯p → Λ¯−cΛ+c (a) and p¯p → Λ¯−c Σ+c (b) as a function
of the antiproton beam momentum. The contributions of the tensor and vector terms are shown by the
dashed and dotted lines, respectively. The solid line represents their coherent sum.
channels are given around the p¯lab of 15 GeV. These authors have performed their calculations
within a nonperturbative quark-gluon string model [22] employing the baryon-meson coupling
constants from light-cone sum rules. Our cross sections are at least an order of magnitude larger
than those of Ref. [27] for both the channels. Similarly, the cross sections for the Λ¯−cΛ
+
c production
channel reported in Refs. [22–24] are also significantly smaller than those predicted in our study.
Thus, differences between our cross sections and those of Refs. [22–24, 27] are substantial for
beam momenta relevant to the P¯ANDA experiment.
In Fig. 4, we investigate the relative contributions of D0 and D∗0 meson-exchange processes to
the total cross section σtot of the p¯p → Σ¯−cΣ+c reaction. We first notice that the magnitudes of the
σtot are further reduced in this case as compared to those of the Λ¯
−
cΣ
+
c production. This is due to
the fact that now there are two ND∗Σ+c vertices having coupling constants smaller than that of the
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FIG. 4. (color online) Contributions of the D0 (dotted line) and D∗0 (dashed line) meson exchange processes
to the total cross section of the p¯p → Σ¯−c Σ+c reaction (solid line) as a function of the antiproton beam
momentum.
ND0∗Λ+c vertex. Like the results presented in Fig 2, in this case also the D
∗0 exchange terms make
the predominant contributions to σtot. At the beam momenta around 15 GeV/c, the D
0 meson-
exchange terms are about two order magnitudes smaller than those of the D0∗ exchange. At beam
momenta closer to the threshold (p¯lab = 11.85 GeV/c) the differences between the contributions of
two meson-exchange terms are even bigger.
In Fig. 5, the relative contributions of the vector and tensor terms of the ND0∗Σ+c couplings to
cross section σD
∗0
tot are shown. We see that the tensor component of the coupling dominates σ
D∗0
tot . It
is further noted that, like the results shown in Fig. 3(b), the interference between tensor and vector
amplitudes is destructive. This effect significantly reduces the magnitude of σD
∗0
tot at higher beam
momenta.
It may be possible to calculate the cross sections of the p¯p → Σ¯0cΣ0c and p¯p → Σ¯−−c Σ++c channels
by also invoking some two-step mechanism as is done in Ref. [29]. However, it may not be
feasible in the version of the effective Lagrangian model presented in this paper. Nevertheless, the
magnitudes of the cross sections for these channels are similar to those of the Σ¯−cΣ
+
c channel as is
shown in Ref. [29].
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FIG. 5. (color online) Contributions of the vector and tensor coupling terms to the D∗0 exchange component
of the cross sections (σD
∗0
tot ) for the p¯p → Σ¯−c Σ+c reaction as a function of the beam momentum p¯lab. The
tensor and vector terms are shown by the dashed and dotted lines, respectively. The solid line represents
their coherent sum.
IV. SUMMARY AND CONCLUSIONS
In summary, we studied the p¯p → Λ¯−cΛ+c , p¯p → Λ¯−c Σ+c , p¯p → Σ¯−cΛ+c , and p¯p → Σ¯−cΣ+c
reactions using a phenomenological effective Lagrangian model that involves the meson-baryon
degrees of freedom. The charmed-baryon production mechanism is described by the t-channel
D0 and D∗0 meson-exchange diagrams, while largely phenomenological initial- and final-state
interactions were used to account for the distortion effects. The coupling constants at various
vertices have been taken from the DN and D¯N scattering studies reported in Refs. [44, 46, 47].
The off-shell corrections at the D0 meson vertices are incorporated by introducing the monopole
form factor, which was taken to be the same for all the cases. However, at vertices involving the
D∗0 meson exchange, a type of quadrupole form factor has been used. The shapes of the form
factors and the values of the cutoff parameters appearing therein have been held fixed for all the
final charmed-baryon production channels.
In the range of beam momenta of interest to the P¯ANDA experiment, the total cross sections are
largest for the Λ¯−cΛ
+
c production channel. For p¯lab not too far from the threshold, the cross sections
for this final state as predicted by our model are similar to those obtained within the Ju¨lich meson-
exchange model as reported in Ref. [29]. The production cross sections for the Λ¯−cΣ
+
c and Σ¯
−
cΣ
+
c
12
final states are smaller than those of the Λ¯−cΛ
+
c channel by factors of the order of 10 and 100,
respectively. The reasons for this is traced back to the large negative interference between the
vector and tensor parts of the D∗0 meson-exchange term and relatively smaller coupling constants
of the ND∗0Σ+c vertices. Furthermore, even though our cross sections for these channels are smaller
than those calculated within the meson-exchange model of Ref. [29], they are still larger than those
of Refs. [22–24, 27]. Because these earlier calculations have used different types of approaches,
which employ quark-model-based ingredients in their calculations, it is not trivial to locate the
reason for the large difference seen between their and our results. The P¯ANDA experiment for
these reactions should provide an opportunity to understand this difference once the FAIR facility
is operational. If the cross sections are as large as predicted in our calculations as well as in those
of the meson-exchange model of Ref. [29], the experimental requirements may perhaps become
less stringent for their measurements at P¯ANDA.
We found that the vector meson (D∗0) exchange terms dominate the cross sections for all the
reaction channels in the entire range of beam momenta. The reasons for the large strength of this
exchange process are the strong tensor coupling of the vector mesons (similar to the large tensor
coupling of the ρmeson in NN interactions), and the additional momentum dependence introduced
by the derivative part of the corresponding interaction. Although, the individual contributions of
the D0 exchange terms are relatively weak, they can still affect the total cross sections through the
interference terms.
We treated the initial- and final-state interactions within an eikonal approximation-based phe-
nomenological method. Generally, the parameters of this model are constrained by fitting to the
experimental data. Because of the lack of any experimental information, it has not been possible to
test our model thoroughly. Therefore, there may be some uncertainty in the absolute magnitudes
of our cross sections. Nevertheless, our near-threshold cross sections for the Λ¯−cΛ
+
c production
channel are very close to those of Refs. [29], where distortion effects have been treated more
rigorously within a coupled-channels approach. There may also be some uncertainty in our cross
sections coming from the shapes of the form factors and the values of the cutoff parameter involved
therein. In models like ours choice for these quantities is guided by their ability to reproduce the
experimental data [56], which is not feasible at this stage for the charmed-baryon production. We
have tried to minimize the effects of such uncertainties to some extent by using the same shape of
the form factor and the same value of the cutoff parameter in calculations of all the final charmed-
baryon channels. Hopefully, concrete experiments that are likely to be pursued with the P¯ANDA
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experiment at FAIR will help in removing most of these uncertainties.
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